The major flaw with this proposal is the use of primary care records to evaluate household transmission. I would imagine that many individuals with AGE do not present to their physician. This would basis any measures of incidence, though the authors can measure incidence of medically attended AGE to get around this issue. However, for the component of the study measuring household transmission, I do not think there is a way to get around this problem. In addition, it is likely that comorbidities and age impact the likelihood that individuals go to the doctor with an illness so this may bias the results both within and between households. If the authors have a plan to get around this problem, or if they believe that it is not a problem, it would be helpful if they explained this in the text.
I am also concerned that the authors do not mention onset date of illness in their protocol. Do the RCGP RSC data contain onset date of illness or just date of medical appointment? If onset date is not available I don't think that household transmission can be measured. It is likely that two children could get sick on different days but present to the doctor on the same day.
Minor Comments:
Overall: Introduction Paragraph 3: It would be helpful if the role of household transmission in spreading AGE was discussed in a little bit of detail here. Objectives: As noted above, I don't know if identifying the sequence of AGE in a household will truly be possible with this data source. The incidence of AGE should probably be re-specified to the incidence of medically attended AGE here and throughout the protocol.
Methods and Analysis:
Study design lines 27-30: If the data improved in 1999 why does the cohort study only use data from as far back as 2002?
Study setting and population: It would be very helpful if the data available to the authors from the RSV database was listed.
Household key: How common is it for members of the same household to be registered with a different practice that is outside of the RSC network?
Outcome measure: Again, I am not sure if these outcomes, mainly the sequence of AGE presentation in a household, will be possible to measure. Also AGE incidence rates should be changed to incidence rates of medically attended AGE It may be worthwhile to collect more data than is listed on the tables, if available. Specifically, an extensive list of comorbidities may be useful.
General Comments
This submission describes a protocol according to which (anonymized) data from patients attending >1000 general practices of the RCGP network over a period of 25 years (amounting to between 343,000 and 1,769,000 patients per annum) will be evaluated for the incidence of acute gastroenteritis (AGE), followed by linkage of data which originated from identical households. It will be explored how often intra-household transmissions occur and in which direction. The aim is to identify procedures to prevent such transmissions.
No data arising according to this plan are reported in this submission.
The plan for the study is not uninteresting, but has various weaknesses:
-The RCGP data will only comprise about 3% of AGE events in the total population.
-Only 2% of patients with AGE will seek primary care, probably more patients of the younger age group.
-There is no mentioning at all of potential causes of AGE, nor an (expected) number of patients with AGE for whom a laboratory diagnosis of the disease has been sought. This % number may be low.
-It is imaginable and rather likely that the causes (viruses, bacteria, parasites etc) differ, and thus treatment and prevention strategies will differ.
-Many of the statements in Introduction are taken from studies in which the causative agents of AGE (rotavirus, norovirus, etc) have been identified.
-From the data of Figs. 1 and 2 it is already clear that most AGE patients in general practice are <5 y of age, and thus transmission pathways within households are rather predictable.
-Many known microbes causing AGE infect peoples repeatedly at various stages of their lives, and memory immune responses from such events will have an (attenuating) effect on the clinical symptoms of patients at re-infection.
-The proposed study is lacking any pathophysiological considerations.
Specific Comments
Page 2 Methods, paragraph 2, line 1. Consider reading: … We will conduct a 25-year cross-sectional study… Methods, last paragraph. The application of logistic regression needs to be clarified. At present, it is an open question whether the characteristics investigated will predict presentation of AGE. Fig. 1 shows that about 1/3 of AGE was seen in children of <2 y of age, and many less in older children and adults. Fig. 2 shows this gap being larger for <5 y old and older children and adults. These data alone will already predict that the majority of intra-household transmission events will be from the younger to the older members.
Paragraph 3, line 5. The rationale for the sample size calculation is not obvious; please clarify. The assumption of major differences in the degree of exposure of children <5 and >5 y of age is clearly not justified for known causes of childhood AGE (e.g. rotavirus, norovirus, astrovirus etc).
Outcome measures: the number of children per household of the survey will be compared with the number of children per household of the 2011 census data. It is stated earlier (p6, line3) that the patient numbers of the survey will represent only 3.1 % of persons counted by the national census. This fact seriously compromises the significance of the data which can be obtained by the survey. In addition, it is stated that only 2% of the population suffering from AGE will seek primary health care (p4, line 4); this observation is alluded to at the end of Discussion (p12, paragraph 5). 
GENERAL COMMENTS
Overall this sounds like an interesting study to investigate household transmission of AGE in the UK. I have just a few specific comments that could improve the study protocol prior to publication. Pg 4, Limitations: Consider discussing whether/how primary care dataset captures or excludes acute hospital or urgent care visits, and any effects this is expected to have on the study (e.g., on capturing the index case). Pg 5, Line 21-24: Long sentence, split or break with commas Pg 5, Line 33-34: Consider briefly specifying that the study is inclusive of all exposure routes (e.g., fingers, fomites, food, water, etc.) and/or describe how common exposure routes or hygiene behaviors might vary by age group (to support the study hypothesis). Pg 6, Line 33-34: Are pediatric-only practices present in the network? Pg 7, Line 42: Is deprived equivalent to lower socioeconomic status? (unfamiliar terminology -note: this is defined later in Table 5 ) Pg 7, Line 55: Formed -> Formatted? Does this have any implications for the study or future recommendations? Pg 8, Lines 12-13: wording is repeated from above paragraph Table 3 caption: households should not be in quotes as this is used as a general term, I think it should be switched with the specific term "communal establishments" Pg 9, Line 44: that -> who Statistical Analysis: Not sure how developed the methods are at this point (may depend on what the dataset looks like), but including the R procedure(s) or example equations could be helpful to specify how variables will be compared. Pg 11, Line 40-41: Add reasoning for not performing a sensitivity analysis (e.g., key assumptions constrained by the reporting system) Pg 12, Line 37: patients' Ethical Considerations: Consider specifying that the address and post code, in particular, were stripped from the dataset.
VERSION 1 -AUTHOR RESPONSE
Reviewer #1:
The authors present a study protocol for a cross sectional and retrospective cohort study evaluating the incidence of acute gastroenteritis using primary care records.
While the topic is certainly interesting and the data source is large, there are some limitations to using medical record data that I fear may make evaluating household transmission very difficult or impossible.
Major Comments:
The major flaw with this proposal is the use of primary care records to evaluate household transmission. I would imagine that many individuals with AGE do not present to their physician. This would basis (bias?) any measures of incidence, though the authors can measure incidence of medically attended AGE to get around this issue. However, for the component of the study measuring household transmission, I do not think there is a way to get around this problem. In addition, it is likely that comorbidities and age impact the likelihood that individuals go to the doctor with an illness so this may bias the results both within and between households. If the authors have a plan to get around this problem, or if they believe that it is not a problem, it would be helpful if they explained this in the text.
Authors' response: >> We recognise that many individuals with AGE do not present to their physician, and have therefore referred to this in the introduction we state:
It is estimated that around 25% of the population suffers from an AGE episode per year, and 2% of them seek primary health care This is a problem across much of epidemiology, but should not in itself be a bar to publication. The most used metaphor is the "epidemiological iceberg" -as set out in John Last seminal paper (Lancet;1963 (2):28-31. Much is published about many diseases where much of care is selfmanagement. However, as this may be an issue for other readers we have strengthened the statement above, adding the 2013 reprint of Last's classic 1963 paper. We have strengthened the above sentence so it now reads:
It is estimated that around 25% of the population suffers from an AGE episode per year. However, in common with many other conditions general practitioners only see the tip of the epidemiological iceberg, , with only 2% of them attending primary health care
Notwithstanding the epidemiological iceberg, medically mediated gastroenteritis is important because of its associated morbidity and mortality. Our approach to case finding seeks to maximise case detection, though it will always only be the tip of the iceberg.
There was an increase in the proportion of people over 65 years over the period of the study, and also for people over 65 years presentation at the same time as they presented with co-morbidities. However, the proportion was low -on a year by-year basis between 94.4% and 98.8% of people over 65 years who presented with gastroenteritis presented with this as a single condition.
The detailed data about this is presented below:
There was a steady increase in the proportion of people aged >65 years over the period of the repeated cross sectional study (Figure 1 ). Figure 1 : This shows the population (denominator) by age band. Over the period of the study there was an increase in the proportion of the registered population over 65 years old.
Over the period of the repeated cross-sectional study there was an increase in the crude incidence of presentation with gastroenteritis in the older age group (Figure 2) Figure 2 : There was an increase in the incidence of presentation with acute gastroenteritis of people over 65 years and a decrease in the proportion of children age 0-4 years over the period of the repeated cross-sectional study
People over 65years were more likely to present with comorbidities at the same time they presented with acute gastroenteritis. We have no data to distinguish whether they were asked about their comorbidities at the same time as they presented with acute gastroenteritis or vice versa (Table 3) . Pay for performance for chronic disease management was introduced into primary care in 2004, and made chronic disease management much more consistent. However, the proportion of people over age 65 years presenting with co-morbidities and acute gastroenteritis is small -between 2.8% and 5.6% of consultations in this age group.
We have added the following text to the discussion:
Limitations of the study: Medically attended AGE: as we described in the introduction, we are measuring trends in medially attended AGE and this is a small proportion of the total incidence. Presentation with AGE at the time of presentation with other conditions: a small percentage of people attended about their comorbidity at the same time that they presented with AGE. We don't have data to know whether that management of their comorbidity was discussed at a time their presentation with AGE, or AGE mentioned at the time of presentation for their chronic disease. The proportion was greatest in over 65 year olds where 1.2% to 5.6% presented on the same day with a comorbidity.
Authors' response: >> We anticipate that household transmission would often be associated with illness starting on different days as the reviewer sets out. The cases of household transmission may the present on the same or different days to the GP. We believe that our standard of presentation within 10 days is reasonable.
Please make the distinction between the cross section and retrospective cohort parts of this study. This protocol frequently discusses calculating incidence of AGE from the cross sectional study which makes me think that this is also just a retrospective cohort study. Some more explanation of the cross sectional nature of this study would be appreciated.
Authors' response: >> We have added text explaining that the population in the repeated crosssectional study will vary year-on-year, whereas the retrospective cohort study will be based on the population at the end of the study. The retrospective cohort will compare the groups who have, and have not been exposed to household transmission. We have added the following text to Methods and Analysis (Study Design section):
The study has two components, a repeated cross-sectional study and a retrospective cohort study. The repeated cross-section allows us to calculate the incidence of medically attended AGE and report trends in the population and incidence of medically attended AGE over time. The repeated crosssectional analysis allows us to maximise the data available as the population registered at the start of our observation period will be different from that at the end. By way of comparison our retrospective cohort study will run for a shorter period and only include those registered with one of our network practices at the end of the study. The retrospective study will explore household transmission rates.
We have also amended the objective section to make it clear which outcome measures come from the different study elements:
These are grouped by those that are derived from the repeated cross-sectional study and those from the retrospective cohort study.
25 year repeated cross-sectional study:
• The rate of presentation with a first or new case of medically attended AGE per year.
• Individual characteristics which can predict presentation of AGE (Table 3 ).
• The weekly incidence rates of medically attended AGE for children and adults.
Five year retrospective cohort study • The primary outcome measure is the rate of presentation of two or more individuals with medically attended AGE from the same household, within 10 days. We will determine whether adults in households with young children (aged under 2 years and under 5 years) have a higher incidence of medically attended AGE than those that do not.
• Household characteristics which can predict presentation of medically attended AGE • The sequence of medically attended AGE presentation in the same household.
Abstract: page 2 lines 17-20: This paragraph seems out of place, perhaps it belongs in the methods of your abstract.
Authors' response: >> Thanks. This is sensible and we have moved the relevant section. This has been very slightly reworded and now sits at the start of the methods section. It reads:
This study used the Royal College of General Practitioners (RCGP) Research and Surveillance Centre (RSC) primary care sentinel network, which includes data from 1,750,167 registered patients (August 2017 database).
We have moved the equivalent section in the main body, so the main paper runs in the same sequence.
We will carry out this study in the Royal College of General Practitioners (RCGP) Research and Surveillance Centre (RSC) primary care sentinel network. RCGP RSC lends itself to conducting this type of research (1, 2) . English general practice is a registration-based system, where individuals register with a single general practice and have a unique patient identifier (NHS number) (3). The network design allows people in the same household to be identified. Primary care records have been computerised since the 1990s. Key data are recorded using the Read terminology; this allows detailed coding of diagnosis, symptoms and other patient information (4 The mechanisms whereby household transmission may take place can be classified as transmission by food, water, animal or person-to-person. For example, Escherichia coli 0157 has been transmitted from inadequately cooked beef, and in milk. Giardia intestinalis, is a good example of protozoa principally acquired from contaminated water, but then passed by person-to person transmission. There is a reservoir of Salmonella in farm animals transmitted to humans via a range of foods, after which human-to-human transmission is important. Most viral gastroenteritis is transmitted by person to person spread or inhalation of droplets; this will be the commonest form of AGE, and most often lasts a few days and will not be reported to general practitioners.
Objectives:
As noted above, I don't know if identifying the sequence of AGE in a household will truly be possible with this data source.
Authors' response: >> We are not certain we can do this. However, where presentation to general practices occurs within 10 days, from the same household, we hypothesise that it is more likely that young children will present first.
The incidence of AGE should probably be re-specified to the incidence of medically attended AGE here and throughout the protocol.
Authors' response: >> We have amended the aim in the abstract and main paper to make it clear that we are referring to medically attended AGE. We have also included this in a new limitations section in the discussion. We have therefore removed the reference to 1999, as there was no single event that happened then. Additionally, there is an error in the period of the retrospective cohort study -our household key data are only reliable for the last five years. This section consequently reads:
The rationale for our different time periods for the repeated cross-sectional and retrospective cohort studies is that whilst denominator and AGE incidence data are reliable for this longer period; our household key is only reliable for the last five years.
Study setting and population: It would be very helpful if the data available to the authors from the RSV (RSC) database was listed.
Authors' response: >> The cohort profiles include details of our data. These are referenced within this section.
Authors' response: >> The authors do not have access to data outside the RSC network; however, we believe that the proportion of members of the same household who are registered with a different practice that is outside of the RSC network is around 5%-15%, with this being more likely in younger households and within conurbations where there is more choice of practice. We have added to the limitations in the discussion:
The household key underestimates the household size: If some residents in a household are registered with a practice outside the sentinel network they won't be included in the household. We think this will happen less with families, and more with younger people and in conurbations where there is more choice of general practices.
Outcome measure: Again, I am not sure if these outcomes, mainly the sequence of AGE presentation in a household, will be possible to measure. Also, AGE incidence rates should be changed to incidence rates of medically attended AGE.
Authors' response: >> This is an a priori goal of the study -we would prefer to see if we can detect this difference. We have added to our aims that this is medically attended gastroenteritis.
It may be worthwhile to collect more data than is listed on the tables, if available. Specifically, an extensive list of comorbidities may be useful. We have added the following chronic diseases:
We will additionally include the chronic diseases: -Cardiovascular and cerebrovascular (heart disease, stroke, chronic kidney disease and hypertensions); -Respiratory (asthma and chronic obstructive pulmonary disease (COPD)) -Common mental health problems (anxiety and depression).
Statistical Analysis: If I am understanding your analysis goals correctly, negative binomial regression may be a more appropriate analysis strategy than logistic regression, especially if you are calculating incidence.
Authors>> The authors would like to thank the reviewer for this suggestion.
We have amended the Statistical Analysis section to the following:
The cross-sectional study will use descriptive statistics to describe any trend in incidence over the 25-year observation period. We will also use descriptive statistics to determine both the standardised and crude rate for each year and to observe any individual characteristics in cases of medically attended AGE, such as ethnicity and BMI
The 5 Year retrospective study will show incidence of two or more individuals from the same household presenting with medically attended AGE within 10 days of each other. Households will be grouped by whether they contain a child aged under 5 or not. We will observe the intervals between presentations, as well as the sequence of occurrence for different age groups. We will explore Poisson and quasi-Poisson regression and we will address issues with over-dispersion and zeroinflation by comparing results with negative binomial.
In order to determine representativeness of RCGP RSC household data, we will compare the mean size of households in our dataset with the 2011 census' data mean from ONS (48) using a onesample t-test.
We do not plan a sensitivity analysis. We don't expect the low percentage of individuals with no valid household key recorded to have an effect on the study (N=1,750,167, out of which 50,979 patients without a household key recorded; 2.91%).
All statistical analysis will be performed using the statistical package, RStudio, version 3.3.1. (49).
Reviewer #2: General Comments
The RCGP data will only comprise about 3% of AGE events in the total population.
Authors' response: >> Authors acknowledge that this may be a small proportion of the population. However, RCGP RSC is representative of the general population and samples (if representative) can be illustrative of trends.
Only 2% of patients with AGE will seek primary care, probably more patients of the younger age group.
Authors' response: >> This is correct. It is an acknowledged limitation and we have agreed with the previous reviewer to flag these are medically attended consultations.
There is no mentioning at all of potential causes of AGE, nor an (expected) number of patients with AGE for whom a laboratory diagnosis of the disease has been sought. This % number may be low.
Authors' response: >> Microbiological confirmation of diagnosis is rare in primary care. We have added this to our limitations section.
Microbiological diagnoses are not commonly made in AGE in primary care: For a variety of reasons including that AGE is often self-limiting and there may be local limitations on testing we anticipate finding few microbiologically proven cases. Where they are recorded in the primary care computerised medical record system we will have access.
It is imaginable and rather likely that the causes (viruses, bacteria, parasites etc) differ, and thus treatment and prevention strategies will differ.
Authors' response: >> Most gastroenteritis is treated symptomatically in general practice. Antibiotics only tend to be used where there is a firm diagnosis.
Many of the statements in Introduction are taken from studies in which the causative agents of AGE (rotavirus, norovirus, etc) have been identified.
Authors' response: >> This is correct, we are instead looking to explore instead any trends in medically attended AGE and look at any patterns in household transmission.
From the data of Figs. 1 and 2 it is already clear that most AGE patients in general practice are <5 y of age, and thus transmission pathways within households are rather predictable.
Authors' response: >> The reviewer's assumption may well be correct -but this had not been documented as yet.
Many known microbes causing AGE infect peoples repeatedly at various stages of their lives, and memory immune responses from such events will have an (attenuating) effect on the clinical symptoms of patients at re-infection. Authors' response: >> This is an interesting and important point but beyond the scope of this paper. We are adopting a repeated cross-sectional design because practice populations vary year on year.
Many known microbes causing AGE infect peoples repeatedly at various stages of their lives, and memory immune responses from such events will have an (attenuating) effect on the clinical symptoms of patients at re-infection. Authors' response: >> We are looking into household transmission and we have defined households as establishments with less than 12 individuals. We class households of 12 or more as a "Communal establishments" -and these groups are outside the scope of this study. We wish to consider the impact of clusters or outbreaks in these establishments separately. We were concerned that outbreaks in these establishments might otherwise distort our results. Fig. 1 shows that about 1/3 of AGE was seen in children of <2 y of age, and many less in older children and adults. Fig. 2 shows this gap being larger for <5 y old and older children and adults. These data alone will already predict that the majority of intra-household transmission events will be from the younger to the older members.
Authors' response: >> We agree this is likely but this remains to be demonstrated.
Authors' response: >> The Sample size calculation has been changed to the following:
We based our sample size on a proportion test on the 2 groups (households with an under 5 and households without an under 5), using Outcome measures: the number of children per household of the survey will be compared with the number of children per household of the 2011 census data. It is stated earlier (p6, line3) that the patient numbers of the survey will represent only 3.1 % of persons counted by the national census. This fact seriously compromises the significance of the data which can be obtained by the survey. In addition, it is stated that only 2% of the population suffering from AGE will seek primary health care (p4, line 4); this observation is alluded to at the end of Discussion (p12, paragraph 5).
Authors' response: >> We are using the 2011 census to standardise against. We feel this is a reasonable population to standardise against. Authors' response: >> We have cross-referenced this study with our limitations section in the discussion. We feel there is both a need for the study by Heusinkveld et al., and for our study. We are describing real-world presentation, where much less microbiological data are available.
sufficient.
REVIEWER

Karen Setty
The Water Institute, University of North Carolina at Chapel Hill, USA REVIEW RETURNED 02-Jul-2018
GENERAL COMMENTS
I think this will be a helpful study characterizing the underrecognized burden of AGE in a developed nation.
One additional suggestion... For the 5-year retrospective cohort study on household transmission of AGE, consider using mixed methods and doing some interviews to expand on your findings in case the quantitative results aren't conclusive, or to triangulate the discussion if they are. My guess is that medication is shared among family members and cases are only medically attended when medication runs out, symptoms are severe, or much time has passed since the last case, so self-report of within-family dynamics may give you more information. Medical centers or daycare centers might be a good place to recruit interviewees.
VERSION 2 -AUTHOR RESPONSE
I think that this version of the manuscript is much improved. Thoroughly separating the two parts of the study made the objectives much more clear, and I think that most of the objectives are feasible. Clarifying the outcomes for each study made the goals of this project much more clear.
The one concern that I still have that was not thoroughly addressed was with the feasibility of studying household transmission through medically attended illness. I think that it is quite likely that the sequence of presentation to the physician may have a lot to do with the age/general health of the patient rather than the actual sequence of transmission in the household. Obviously there is no real way to get around this problem with the data available. If the authors could add to their limitations section (under medically attended AGE) that household characteristics associated with AGE and the sequence of presentation in the household may reflect health care seeking behavior as well as transmission dynamics, I think that would be sufficient.
